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The intravenous injection of Gram-negative bacterial endotoxins into rabbits 
produces  a  series  of  physiologic and  pathologic  reactions  which  have  been 
described in reviews by Thomas (1) and by Bennett and Cluff (2). Briefly, these 
effects include fever, polymorphonuclear leucopenia followed by leucocytosis, 
vasomotor disturbances,  hyperglycemia followed by hypoglycemia, depletion 
of liver glycogen, hemorrhagic necrosis in  the  substance  of  rapidly  growing 
tumors, alterations in the blood coagulation system, and the development of 
resistance  to  the  same  and  other  endotoxins.  The  generalized  Shwartzman 
reaction  is  produced  when  two  properly  spaced  intravenous  injections  are 
administered. 
References to changes in the level of blood lipides following intravenous injec- 
tion of bacterial endotoxins are few in number. In 1942, Schrade (3) reported a 
decrease in all types of blood lipides within the first 8 hours as a result of the 
injection of bacterial pyrogens in the dog. According to Seifter et al. (4), hyper- 
cholesterolemia occurs in the rabbit as a result of two intravenous injections 
of meningococcus endotoxin 24 hours apart. Seifter and Baeder (5) also reported 
that Pseudomonas  polysaccharide (piromen, Travenol Laboratories) produced 
a two- to three-fold elevation of all classes of lipides in fasting rats. 
Because of the wide-spread effects of these substances, their known effect on 
carbohydrate metabolism,  and  certain  facts  suggesting  a  possible  effect on 
lipide metabolism, the effect of the intravenous injection of bacterial endotoxins 
on serum lipide levels was investigated. 
Materials  and Methods 
Sixty-eight  albino rabbits of both sexes  weighing 2 to 3 kg. were used in these experiments. 
The animals were housed at  constant humidity and  temperature (75-80°F.). They were 
* This investigation  was supported by United States Public Health Service  Grant (1570), a 
Senior Research Fellowship (SF 54) from the Public Health Service, the Middle Tennessee 
Heart Association,  and The Eli Lilly Foundation. 
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maintained on a standard rabbit pellet diet and water ad libitura. The pellets, manufactured 
by the Hermitage Feed Mills of Nashville, Tennessee, contained between 3 and 5 per cent 
crude fat. 
The endotoxin used was Sheafs polysacclmride  t  prepared from bacterial cells of Serratia 
marcescens (lot P-25). The dosage given each animal will be indicated in the results. 
Temperature records were plotted on centimeter graph paper, using one vertical line for 
each degree Fahrenheit and one horizontal line for each half-hour of test. In order to obtain a 
numerical expression,  taking into consideration both height and  duration  of fever, a  fever 
index was calculated in a manner similar to that described by Beeson (7). The fever index is 
expressed directly in terms of vernier units of the planimeter. The instrument used was an 
Ott compensating polar planimeter. 
Ten ml. blood samples for serum lipide analyses and electrophoretic studies were obtained 
by cardiac puncture prior to and at appropriate intervals of time following injection of bac- 
terial endotoxin. Serum was obtained by allowing the blood to clot, followed by centrifugation 
at S°C. The serum was stored at -20°C. until the lipide analyses were performed. 
Serum Lipides were determined by the method of Bloor (8) for total Lipides; the figures pre- 
sented represent total fatty acids and cholesterol. Total cholesterol was also determined by the 
method of Bloor. Lipide phosphorus was determined by the method of Youngburg and Young- 
burg (9) which employs the colorimetric reaction of Fiske and SubbaRow (10). 
The electrophoretic data were obtained using a  Spinco model RB paper electrophoresls 
system. Serum in amounts of 6 lambda for the protein determinations and 20 lambda for the 
lipoprotein determinations was applied to filter paper strips. The filter paper strips (Schleicher 
and Schuell, 2043 A rag1.) were subjected to a  current of 2.5 ma. for 16 hours in a  veronai 
buffer at pH 8.6, ionic strength of 0.075. The strips were stained with brom phenol blue for 
proteins and oil blue N  for Lipoproteins  (11), and their density read in the Analytrol with a 
B-5 cam setting. The figures  presented for the lipoproteins represent the total area beneath 
the recording trace. 
A group of five rabbits was given repeated injections of the endotoxin. In these experiments 
the rabbits were acclimatized to stocks and the procedure for 3 days prior to use. Pyrogen-free 
technique was employed (6). Doses of 1 #g/kg. of the endotoxin were given on alternate days 
for 8 days (5 injections), then daily for 4 days (4 injections). The response of the animals to 
the endotoxin was followed by means of fever curves and serum lipide determinations. The 
fever curves were obtained by recording the rectal temperatures every 30 minutes for 3 hours 
after endotoxin injection and subsequently every hour for 4 hours. When a state was reached 
at which a  minimal febrile response was elicited, each aulmal received a  single intravenous 
injection of thorium dioxide (thorotrast, Heyden) in the amount of 3 mi./kg. Ten hours later 
a final injection of endotoxin was given and the rectal temperatures recorded. Blood samples 
were obtained by cardiac puncture at regular time intervals throughout the experiment as will 
be indicated in the results. 
OBSERVATIONS 
Effect of a Single Dose of Endotoxin on the Serum Lipides in Rabbits.--Twenty- 
one rabbits were injected with Shear's polysaccharide and observed for a period 
of 48 hours. It seemed advisable to divide the animals at each dosage level into 
two groups  on the basis  of the magnitude  of response  at  the end of 24 hours. 
Responses in which the increase in total serum lipides remained under  150 per 
I The endotoxin was kindly furnished by Dr. Murray J. Shear of the National Institutes 
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cent are  designated  as  moderate or type "a"  responses;  those in  which  the 
increase in total serum lipides exceeded 150 per cent are designated as uncon- 
trolled or type "b" responses. This separation of the animals into groups may 
seem artificial, but the two groups were so far removed from one another that 
pooling of these data would have resulted in misleading figures. Possible reasons 
for this type of variation will be discussed later. 
Table I  indicates the changes occurring in the total serum lipides, the serum 
lipide phosphorus, and the total serum cholesterol during the 48 hour period of 
observation. It can be seen from this table that within 24 hours, a single injec- 
tion of the endotoxin invariably caused an increase in total serum lipides which 
appeared to be related to the size of the dose. 
Changes in the level of serum lipide phosphorus were not as easily elicited 
as  changes  in the  level of the  total lipides.  Doses  of endotoxin as  large  as 
5 #g./kg. did not alter the level of this component at 24 hours unless the animal 
responded in an uncontrolled manner (the 33 per cent increase in serum lipide 
phosphorus at the 1/zg./kg. level is not considered significant in that the control 
level and the level attained 24 hours after endotoxin were both below normal). 
However, with  larger  doses,  regardless  of the  type of response,  there  were 
increases in the  lipide phosphorus  levels which paralleled the  corresponding 
increases in total lipides. 
Changes in the level of serum cholesterol were even more difficult to elicit. 
Doses of endotoxin as large as 10/zg./kg. did not alter the serum cholesterol 
level at 24 hours unless the response of the animal was uncontrolled. However, 
with larger doses, regardless of the type of response, there were increases in the 
serum cholesterol level which paralleled the corresponding increases in total 
lipides and in lipide phosphorus. 
It will be noted that the mean per cent increases in serum lipide phosphorus 
and  serum  cholesterol occurring within  the  first  24 hours were not  propor- 
tionally as great as the corresponding mean per cent increases in total serum 
lipides.  On the other hand, when changes were elicited concurrently in both 
lipide phosphorus and cholesterol, the mean per cent increases in these two 
components were similar. 
At 48 hours the changes in serum lipide levels varied depending on whether 
the response at 24 hours was moderate or uncontrolled. In general, the levels 
of all components under observation continued to rise after a moderate response 
and to fall after an uncontrolled response at 48 hours. It is of interest to note 
that even at dosage levels which failed to elicit changes in the serum cholesterol 
at 24 hours, there was an elevation in the level of this component at 48 hours. 
Effect of Fasting on the Serum Lipide Response to Single Injections of Endo- 
toxin.--Ten rabbits were fasted for 80 hours prior to the time of injection of 
endotoxin. Table II indicates the changes occurring in the total serum lipide, 
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of observation. The 80 hour period d  fasting itself caused a rise in the serum 
lipides. Responses of both the moderate and uncontrolled types at both dosage 
levels  employed were elicited.  Of primary interest,  however, is the evidence 
that injection of bacterial endotoxin into fasted rabbits resulted in an elevation 
of the total lipides, lipide phosphorus, and cholesterol  to levels higher than were 
obtained by injection of the same dose of endotoxin into non-fasted animals. 
TABLE  II 
The Serum Lipide Responses at 24 Hours Following Single Intravenous Injections of SheaFs 
Polysaccharide (Lot P-25) into Rabbits Which Had Been Fasted 80 Hours 
No. of 
Group  animals 
Normal animals  27 
Saline controls  5 
5 ~g./kg. endotoxin  a-3 
b-2 
Fasted 80 hrs., 5  a-3 
t~g./kg,  endotoxin  b-2 
20 ~g./kg. endotoxin  a-0 
b-2 
Fasted 80 hrs., 20  a-0 
~g./kg. endotoxin  b-5 
Total lipide 
(Mean values) 
Control  24  hrs. 
re~g. 
rag. per cen~  per ~nt I 
254  -4-  15.7" 
327  369 
263  361 
288  1295 
380  563 
350  1487 
191  1002 
546  1871 
Total cholesterol 
(Mean values) 
Control  24 hrs. 
rag. per Cent  rag. 
• r  Cet~ 
64  -4-  4.7* 
.57  63 
67  77 
67  123 
145  157 
135  184 
70  120 
209  258 
Lipide phosphorus 
(Mean whe@ 
Control  24 hrs. 
rag. ~sr cent  rag.  per ¢av~ 
4.4  4- 0.3* 
4.0  4.3 
4.1  4.3 
3.9  8.7 
5.3  6.3 
5.0  10.5 
5.3  11.5 
6.3  13.8 
* Standard error. 
Effect of Hemorrhagic Lipemia on the Serum Lipide Response to Single Injec- 
tions  of Endotoxin.NFour  rabbits  were  subjected to  repeated  bleedings  in 
amounts of 1 per cent of their body weight per day for 10 to 17 days. Two of 
these animals were subsequently injected with  20 #g./kg.  of bacterial  endo- 
toxin and two with an equal volume of saline. Table III indicates the changes 
occurring in the total serum lipides,  cholesterol,  and lipide phosphorus during 
the 24 hour period of observation. It  can be seen from this  table that  the 
repeated bleedings  themselves caused a rise in the serum lipides comparable to 
that resulting from fasting (see Table II). However, the subsequent rise in the 
serum lipides caused by a single injection of bacterial endotoxin in these animals 
was little if any increased above that brought about by the same dose of endo- 
toxin in normal  animals. 298  BACTERIAL  ENDOTOXIN  AND  LIPIDE  METABOLISM.  I 
The Response of the Serum Lipides to Repeated Injections of the Same Dose of 
Bacterial Endotoxin.--The experiments of Beeson (7) have shown that rabbits 
given repeated injections of bacterial endotoxins become relatively unrespon- 
sive to the fever-promoting action of these substances. This state is referred to 
as  "tolerance." In order to determine whether there is  a  similar progressive 
diminution in the response of the serum lipides to repeated injections of bac- 
terial  endotoxins,  a  study was  made of the  changes  occurring in  the serum 
lipides during the development of febrile tolerance. Fig. 1 represents a group of 
TABLE III 
The Serum Lipide Responses at 24 Hours Following Single Intravenoun Injections of Shear's 
Polysaccharide (Lot P-gS) into Rabbits Which Had Been Made Lipemic by Repeated 
Hemorrhage 
Group  No. o5 
mimals 
Normal animals  :27 
Saline controls  5 
20/~g./kg. endotoxin  2 
Bled "F saline  2 
Bled q- 20 ~g./kg. en-  2 
dotoxin 
Total lipide  (Mean 
values) 
Control  24 hrs. 
rag. per cen~  ~g. per 
cent 
254 ±  15.7' 
327  369 
191  1002 
552  310 
530  1093 
Total cholesterol 
(Mean values) 
Control  24 hrs. 
rag. per cen~  rag. per 
cen~ 
64 4-  4.7* 
57  63 
70  120 
130  117 
99  181 
Lipide phosphoruS 
(Mean values) 
Control  24 hrs. 
rag. per cent  rag. per  co~| 
4.4  ±  .3* 
4.0  4.3 
5.3  11.5 
7.0  4.8 
11.0  15.5 
* Standard error. 
five animals  which  was  given five injections of  1/zg./kg.  of  Sheafs polysac- 
charide on alternate days, This particular spacing of injections was chosen in 
order to avoid the Shwartzman reaction. As a  result of the first injection the 
temperature was elevated in the range of 5°F., and remained above the normal 
base line throughout the experiment (average fever index of 660).  Mter the 
second injection the febrile responses of the animals were nearly as severe as 
after the first (average fever index of 606), but, after the third, fourth, and fifth 
injections, there was a  progressive reduction in the reaction (fever indices of 
463, 427, and 262 respectively). Lipide samples were taken 24 hours after each 
of the first four injections. Twenty-four hours after the first injection the total 
serum lipides rose from 231 to 295 mg. per cent. As a result of the second and 
third injections of endotoxin, the  average rose to 370 and 419 rag.  per  cent 
respectively. Following the fourth injection, the average total serum lipide level V.  S.  LEQUIKE,  J.  D. HUTCHERSON,  R.  L. HAM-rLTON~ AND ~. E.  GRAY  299 
remained approximately the same  (378 rag. per cent). The changes in serum 
cholesterol and serum lipide phosphorus closely paralleled the changes in total 
serum lipides. Since a "minimal" febrile response was desired, and according to 
Beeson (7) this is best obtained by daily injections of endotoxin, the animals 
were at this point subjected to daily injections of the same dose of endotoxin 
for 4 days, and the study of febrile and lipide responses was discontinued until 
FIO. 1. A graphic presentation of the response of the serum llpides of rabbits (group of 
five animals) to repeated intravenous injections of Shear's polysaccharide  (lot P-25), and the 
modification of this response by intravenous injection of thorium dixoide (thorotrast)  in 
three animals. 
the end of this series of injections. In response to the last of these daily injec- 
tions, the temperature was elevated in the range of 3.2°F., but returned either 
to or near the starting level in 4 to 5 hours (average fever index of 282). The 
average total serum lipide level was elevated only slightly above the normal 
level, 284 rag. per cent. The total cholesterol and lipide phosphorus remained 
within normal limits. It is apparent that during the period of daily injections 
the lipide levels in these animals not only failed to go higher, or even to remain 
at the highest point reached, but returned to a normal level and remained there. 
At this time each animal was given a  3 ml./kg, injection of thorium dioxide. 300  BACTERIAL  ENDOTOXIN  AND  LIPIDE  ~ETABOLIS~.  I 
Ten hours later the average total serum lipides of the five animals still remained 
within normal limits, 255 rag. per cent. As a result of derangement of the dot- 
ting mechanism, two of the rabbits in this series expired following cardiac punc- 
ture. The surviving three animals were injected at this point with the same dose 
of endotoxin. These animals, which had been made relatively unresponsive to 
the endotoxin, now reacted with febrile responses essentially the same as those 
of normal animals. The average fever index for the three animals was 615. The 
total serum lipide levels in all three animals rose to levels higher than they did 
at any other time during the course of the experiment. The average total serum 
lipide was 525 rag. per cent. There was a similar rise in total serum cholesterol 
and serum lipide phosphorus. Not only did the injection of thorium dioxide 
abolish febrile tolerance but restored and possibly enhanced the lipide response 
of these animals to endotoxin. Fig. 2 gives a comparison of the febrile and lipide 
responses of one animal from this group. 
The Effect on the Serum Lipides of Increasing lhe Dose of Endotoxin in Animals 
Made Relatively  Unresponsive  to the Endotoxin.--Another  experiment demon- 
strafing an even more rapid loss of responsiveness to endotoxin on the part of 
the lipides is illustrated in Fig. 3.  Four rabbits received 15 ~tg./kg. doses of 
bacterial endotoxin. In response to this, the average total serum lipide level in 
these animals rose 210 mg. per cent in 24 hours, and dropped 50 rag. per cent 
at 48 hours. A second and third 15/~g./kg. dose of endotoxin produced no fur- 
ther significant rises in serum lipides; in fact the general trend seemed to be 
that of a continuous slow fall. At this time a 45 #g./kg. dose of endotoxin was 
administered to each of the four animals. In response to this the average total 
serum lipide level rose to the same level that it had reached after the initial 
15 gg./kg, dose. The concurrent changes in total serum cholesterol and lipide 
phosphorus were similar in that there were initial rises after the first injection, 
and no further significant increases after the second and third injections; but 
the general trend seemed to be one of maintaining the level reached in response 
to the initial dose. The 45 gg./kg, dose caused only a slight additional rise in 
both the total cholesterol and the lipide phosphorus. At this time these animals 
were rested for 7 days. At the end of this rest period the lipide values under 
consideration had all returned to normal. Another 45 gg./kg, dose of endotoxin 
was then given. In response to this the average total serum lipides, cholesterol, 
and lipide phosphorus levels all rose but did not reach the levels attained as a 
result of either the first 15/~g./kg. dose or the first 45 #g./kg. dose. It appeared 
then, that after a 1 week rest period, some, but not all, of the responsiveness of 
the serum lipides had returned. This responsiveness of the serum lipides to the 
above regimens seemed comparable to the febrile responsiveness under similar 
circumstances as described by Bennett and Cluff (2). 
Effect  of the Shwartzman Regimen  on the Serum Lipide  Response.--Twenty- 
three rabbits were subjected to two doses of endotoxin 24 hours apart.  Four V. S. LEQUIRE~ J. D. HUTCHERSON~  R. L. HAMILTON~ AND M, E. GRAY  301 
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different dosages were used on eighteen normal animals.  Serum lipide changes 
in these animals were studied by paper strip electrophoresis. As a rule, the major 
increase was in the beta lipoproteins, though, on occasion, increments of other 
lipoproteins were noted in the other globulin fractions.  One group of five ani- 
mals was fasted 80  hours before being subjected to endotoxin.  Serum lipide 
changes in these animals were studied by chemical analysis.  These data are 
incomplete and might best be termed the results of preliminary experiments. 
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FIG 3.  A graphic presentation of the response  of the serum lipides of rabbits (group of four 
animals)  to  repeated  intravenous injections of Shear's  polysaccharide  (lot P-25),  and  the 
modification of this  response  by  intravenous injection of an  increased  dose  of  the  same 
endotoxin. Data relative to the response of the serum lipides to endotoxin after a rest period 
of 1 week are also presented. 
However, it was felt that they would be of interest in connection with the other 
data reported. 
From Table IV it carl be seen that in rabbits that responded to preparatory 
doses of endotoxin with a moderate rise in serum lipoproteins at 24 hours, the 
response at 48 hours appeared to be no different from that occurring as the result 
of single injections. However, in animals which responded to the  preparatory 
doses with an uncontrolled rise in serum lipoproteins at  24 hours there was 
always an additional marked rise at 48 hours. In this instance the lipide re- 
sponse differed from that occurring as the result of a single injection of endo- 
toxin (see Table I). V. S. LEQUIRE,  J'. D. HUTCHERSON,  R. L, HAMILTON,  AND  M. E. GRAY  303 
There was no gross evidence of the generalized Shwartzman reaction except 
in the fasting animals. There was little evidence of renal cortical necrosis or 
liver damage in the form of centroqobular coagulative necrosis until a dosage 
TABLE  IV 
The Effect of 2 Intravenous Injections of Shear's Polysaccharide  (Shwart~man  Regimen)  upon 
the  Serum Lipoproteins  of Normal  RabMts  as Determined  by Eleetrophoresis.  The  Data 
Presented  .for  Fasted  Animals  Were  Determined  by  Chemical  Analysis 
Preparatory 
dose 
5 ug./kg. 
10 ug./kg. 
30 vg./kg. 
40 ug,/kg. 
Provocative 
dose 
20 ug./kg. 
30 vg./kg. 
60 ~g./kg. 
8o ~g./kg. 
No. of 
animals 
6 
4 
a-3 
b-1 
a-2 
b-2 
Total lipoproteln (mean 
values) electrophoretic  data 
:on-  54  ~  48 
:rol  ars.  ~  *rs. 
;m.~' cra,~*] ~en~ ,,m.t  ~en#er I 
16  --  --  24  501 
24  42  75 
17  34  100  32  88 
8  50  525  71  88 
15  28  81136  40 
11  38  ~45  63  73 
Evidence of generalized 
Shwar  tzman reaction 
Gro~ 
No 
No 
No 
No 
Histologic 
Rare  renal lesion. 
No  hepatic  le- 
sions 
Occasional  renal 
lesion.  No  he- 
patic lesions 
Occasional  renal 
and  hepatic  le- 
sions 
Marked  renal  le- 
sions.  Occa- 
sional  hepatic 
lesions 
Fasted 80 hrs. 
20 t*g./kg,  20 t~g./kg. 
~anima] 
Coll~ 
trol 
Total liDide (chemical 
analysis) 
rag. 
per 
I  a-O 
b-5  546 
hrs.  hrs. 
rag.  mg. 
per  .#en~  per 
cent  cent 
1871  63  ~34~ 
Evidence of generalized 
Shwar  tzman reaction 
Gross 
~5  Marked 
Histologic 
Marked renal and 
hepatic  lesions 
* See text. 
level of 40  ~g./kg.  followed by 80 ~g./kg.  was  reached.  In  this  group,  the 
lesions in both liver and kidney were numerous. The severity of liver and kidney 
lesions produced as a result of the injection of endotoxin in non-fasted animals 
did not  seem to be related to  the increase in serum lipoproteins. However, 
in the fasted animals  there was marked gross and histologic evidence of the 304  BACTERIAL  ENDOTOXI1V  AND  LIPIDE  METABOLISM'.  I 
generalized  Shwartzman  reaction and all  the animals  responded with uncon- 
trolled increases  in the serum lipides  at 24 hours and a  further  marked in- 
crease at 48 hours. 
DISCUSSION 
These findings  indicate that lipide  metabolism, like  carbohydrate metabo- 
lism and probably other metabolic processes,  is drastically altered in rabbits 
as a  result of the introduction of bacterial endotoxin into the blood stream. 
Single injections of endotoxin in doses ranging  from 1 to 40 #g./kg. invariably 
produced an elevation in the level of total serum lipides within 24 hours. Con- 
currently, the levels of total cholesterol  and lipide phosphorus were similarly 
affected, although  they did not change  in response  to  the smaller  doses of 
endotoxin, and were never elevated to the same degree as the total serum lipides. 
This  is  of  interest  in  connection  with  the  observations  of  Schrade  (3) 
and Nishishita  (12)  that  cholesterol  does not participate  in the blood lipide 
fluctuations  occurring  in  rabbits  within  the first few hours  after endotoxin 
injection.  This  reaction is apparently  independent  of the absorption  of fat 
from the intestine  and is probably due to the increased mobilization or de- 
creased utilization of blood lipide,  as it occurs in fasting as well as in normal 
animals.  In addition, the lipide response appears to be dependent on the amount 
of endotoxin administered,  but only to a  certain point.  Under the conditions 
of our experiments  this  point seemed to be between the  15  and  20/~g./kg. 
level Similar findings with reference to the production of fever with increasing 
doses of endotoxin have been reported by Farret al.  (13),  who showed that 
the febrile response increased  with  the  amount  of  endotoxin injected  to  a 
maximum  point  beyond which  larger  doses failed  to  produce a  significant 
increase. 
The data in Table I and II suggest that single large doses are more apt to 
produce uncontrolled responses than small doses.  This was most apparent in 
fasted animals.  However, definite  conclusions  regarding  this point cannot be 
drawn because of the small numbers of animals  at certain of the dosage levels. 
The occurrence of two distinct types of response, moderate and uncontrolled, 
at a  given dosage level is difficult  to interpret.  Several factors must be con- 
sidered.  Of particular interest is the nutritional state Of the animals.  Fasting, 
not only resulted in elevation of the blood lipides,  but also greatly enhanced 
the lipide response to endotoxin. However, it is also apparent that the lipide 
response  to  endotoxin  is  not  enhanced  by all  mechanisms  resulting  in  the 
increased transport of fat from the body depots. Repeated hemorrhage,  which 
results in a definite lipemia,  did not enhance the lipide response to endotoxin. 
Another factor of interest  is  the possible variation in the degree of natural 
resistance of the animals.  The experiments of Farr et al.  (13) have indicated 
that normal rabbits possess defense mechanisms which are able to inactivate V. S. LEQUIRE, J. D. HUTCHERSON~  R. L. HAMILTON,  AND M. E. GRAY  305 
part of a  dose of injected endotoxin. The effectiveness of these defense mech- 
anisms might vary considerably in a  given group of animals. Other factors to 
be considered are the age and size of the animals  (14)  or the existence of a 
low grade bacterial infection (15). This last is considered to be only a  remote 
possibility for at no time did gross or histologic observations reveal any evidence 
of bacterial infection. Whether a  given rabbit develops a  moderate or an un- 
controlled response may be due  to any one or to a  combination of these or 
other factors. 
The experiments with the Shwartzman regimen were disappointing in that 
gross  and  histologic  changes  of  the  degree  anticipated  were  not  obtained 
except in the animals which  had been fasted.  It is possible that our rabbits 
were of an inappropriate age.  Smith and Thomas (14)  found that in mature 
rabbits  (10  to  12  weeks)  the  Shwartzman  reaction  could  not  be  elicited  in 
more than 10 per cent of the animals. Our animals were approximately of this 
age. In addition the dosages of endotoxin employed may have been too small. 
However,  even in  the  animals  in  which  histologic  evidence of liver damage 
and  bilateral  renal  cortical  necrosis  was  obtained,  no  definite  relationship 
could be established between the lipide response and the histologic evidence. 
The fact that rabbits subjected to repeated injections of endotoxin became 
relatively  unresponsive  to  the  lipemia-provoking action  of  a  given  dose  of 
endotoxin  as  well  as  to  its  fever-provoking action,  and  that  both  types  of 
resistance disappeared as a  result of either the intravenous injection of thor- 
otrast, or the injection of an increased dose of endotoxin, suggest that the ex- 
planation for resistance to the febrile and lipemia-provoking action of endotoxin 
may be related  to similar mechanisms.  Explanations  of the  development of 
febrile tolerance are largely based on a  shortening of the length of time  that 
active endotoxin remains in the circulation. 
According  to Beeson  (16) and others (17, 18) febrile tolerance is a reflection of the 
functional state of the reticulo-endothelial system; the  tolerant animal effecting  a 
more rapid removal of the endotoxin from the blood stream. In support of this is 
the  observation  that  pretreatment  with  sublethal  doses  of  "blockading"  agents 
inhibits  the uptake of endotoxin by the reticulo-endothelial system (16, 19). Farr 
et al.  (13), on the other hand, have presented evidence to suggest that tolerance is 
based  on  the  presence of pyrogen inhibitors  in  the  plasma,  that  normal animals 
possess  this same defense  mechanism but to a limited degree,  and that tolerance is 
merely a  quantitative exaggeration oft  his mechanism. Carey, Braude, and Zalesky 
(20),  using  Cra-labeUed  endotoxin,  found  that  massive doses  of  endotoxin  were 
removed from the circulation more rapidly in tolerant than in normal animals, but 
that sublethal doses were cleared with about equal rapidity. This last observation 
seems to point to the presence of at least a limited defense mechanism in the normal 
animal. The work of Fine et al.  (21) suggests  that in the normal animal this defense 
mechanism may be developed as a  result of the constant absorption of endotoxin 
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Regardless of whether the effect of endotoxin is altered by more rapid re- 
moval from the blood stream in tolerant animals or whether it is potentiated 
or inactivated by humoral factors, it is probable  that the lipide and febrile 
responses which were observed during tolerance are affected by similar mech- 
anisms. 
When the natural defenses of the animal are overpowered by an injection of 
endotoxin, the resulting vascular and metabolic effects are of such number and 
complexity that  definition of  the  mechanism of  action of  the  endotoxin is 
difficult. However, certain of these effects suggest that there is a  release of 
epinephrine. Not only does the vascular response point to this (22),  but also 
the leucocytosis, hyperglycemia, and depletion of liver glycogen which char- 
acteristically follow endotoxin injection (1,  2).  In addition, the reported ac- 
cumulation of lactic acid in the blood and tissues resulting from endotoxin 
injection (23) might well be due to the known effect of epinephrine in blocking 
the aerobic metabolism of carbohydrate. 
The elevation in the level of total serum lipide may also be due to the release 
of epinephrine. Wool, Goldstein, Ramey, and Levine (24) have suggested that 
epinephrine plays a role in the mobilization of depot fat by their finding that 
ergotamine treatment of normal animals and adrenal demedullation reduced 
fat mobilization to levels observed in totally adrenalectomized rats, and that 
administration of epinephrine restored to  normal their ability to develop a 
fatty liver following ethionine administration. This effect of epinephrine could 
be mediated through the anterior pituitary by causing the release of a lipide- 
mobilizing factor which works in conjunction with the adrenal cortical steroids 
as reported by Seifter and Baeder (5). 
The changes in the level of total serum cholesterol cannot be explained on 
the basis of simple mobilization of depot fat. The serum cholesterol level did 
not change in response to doses of endotoxin which caused as much as a  50 
per cent increase in total serum lipides. A somewhat larger dose of endotoxin 
resulted  in  the  sudden  appearance  of  a  significantly elevated  total  serum 
cholesterol as though some mechanism in the animal had been either inhibited 
or activated. Tissue anoxia, which may cause an increased synthesis of cho- 
lesterol by the liver (25), might well account for this phenomenon. 
In addition, the reported increase in serum lipides might be due to a  de- 
ficiency in utilization. Not only would the known insult to carbohydrate me- 
tabolism cause such a  deficit, but an actual inhibitor of lipide hydrolysis has 
been demonstrated in the serum of rabbits following endotoxin injection and in 
animals made anemic by hemorrhage  (26).  Tissue  anoxia,  a  condition long 
known to produce drastic changes in lipide metabolism (27-29), may then be 
another factor responsible for some of the effects resulting from the injection of 
endotoxin. This condition, whether general or localized, can itself be due to the 
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subjected to varying periods of ischemia (30).  These alterations in the serum 
lipides are thus another indication of the diffuse metabolic alterations which 
occur following the injection of bacterial endotoxins. 
SUMMARY 
Single intravenous injections  of Sheafs polysaccharide in varying dosages 
invariably produced an elevation in the levels  of the total serum lipides  24 
hours after injection of cndotoxin. The  total serum  cholesterol and lipide 
phosphorus  were also affected, although  they did not change with  smaller 
doses of endotoxin and were rarely elevated to the same degree as were the 
total  serum lipides. 
The degree of elevation of the serum lipidcs  was apparently related to the 
amount of endotoxin injected  up to a certain  point, beyond which there  was 
no further  increase, 
There were two types of response to cndotoxin by the serum lipides,  a mod- 
erate increase  and an uncontrolled increase.  Higher dosages of endotoxin and 
fasting apparently  increased the inddencc  of the latter response. 
No direct correlation could be made  between serum lipide  responses and 
histologic evidence typical of the generalized Shwartzman  reaction following 
this regimen of cndotoxin injection.  The Shwartzman reaction did occur with 
greater  frequency and with lower dosages of endotoxin in fasted animals. 
Animals given repeated injections  of endotoxin  showed an initial  increase 
in serum lipides  followed by a progressive  decrease to normal levels  as tolerance 
to the febrile  action of endotoxin appeared. The febrile  tolerance as well as 
the unresponsiveness  of the serum  lipides to cndotoxin  was  abolished by 
thorium dioxide (thorotrast)  in these  animals. In similar  experiments a "break- 
through" of lipide  unresponsiveness to endotoxin was obtained by increasing 
the amount of cndotoxin injected. 
Some of the implications  of these  results for the metabolic alterations  pro- 
duced by bacterial  cndotoxins arc discussed. 
BIBLIOGRAPHY 
i. Thomas,  L., The  physiological disturbances produced  by endotoxins, Ann. 
Rev. Physiol.,  1954, 16, 467. 
2.  Bennett, I.  L., and  Cluff, L.  E.,  Bacterial  pyrogens,  Pharmacol.  Roy., 1957, 
9, 427. 
3.  Schrade,  W., Die Beeinflussung der Blutlipoide  durch Bakterienstoffe,  Z.  ges. 
exp. Meal., 1942, 110, 518. 
4.  Seifter, J., Baeder, D. H., Beckfield, W. J., Sharrna, G. P., and Ehrich, W. E., 
Effect of hyaluronidase  on experimental hypercholesterolemia  in rabbits and 
rats and atheromatosis  in rabbits,  Proc. Soc. Exp. Biol.  and Med.,  1953, 83, 
468. 
5.  Seifter, J., and Baeder,  D. H., Relation of endocrines and clearing  factor in- 308  BACTERIAL  ENDOTOXIN  AND  LIPIDE  METABOLISM.  I 
hibitors to hyperlipemia in fasted animals,  Proc. Soc. Exp.  Biol. and Med., 
1956, 93, 63. 
6.  Farr,  R.  S.,  and LeQuire,  V.  S., Leucocytie and pyrogenic effects of typhoid 
vaccine and augmentation by homologous plasma, Proc. Soc. Exp. Biol. and 
Med., 1950, 75, 661. 
7.  Beeson,  P.  B., Tolerance to  bacterial pyrogens.  I.  Factors influencing  its de- 
velopment, J. Exp. Med., 1947, 86, 29. 
8.  Bloor,  W.  J.,  The determination of small  amounts of lipid  in  blood plasma, 
J. Biol. Chem., 1928, 77, 53. 
9.  Youngburg,  G. E., and Youngburg,  M. V., Phosphorus metabolism.  I. A system 
of blood phosphorus analysis, Y. Lab. and Clin. Med., 1930, 16, 158. 
10.  Fiske, C. H., and SubbaRow,  Y., The colorimetric determination of phosphorus, 
J. Biol. Chem., 1925, ~, 375. 
11.  Block, R. J., Durrum, E. L., and Zweig, G., A Manual of Paper Chromatog- 
raphy  and  Paper  Electrophoresis,  New  York,  Academic  Press,  Inc.,  1955, 
408. 
12.  Nishishita,  S.,  Studies  on the fluctuations of the  lipoid  content of the  blood 
in the fever period, Japan. J. Exp. Meal., 1941, 19, 97. 
13.  Farr, R. S., Clark, S. L., Jr., Proftitt, J. E., and Campbell, D. H., Some humoral 
aspects of the development of tolerance to bacterial pyrogens in rabbits, Am. 
Y. Physiol., 1954, 177, 269. 
14.  Smith, R. T., and Thomas, L., Influence of age upon response to meningococcal 
endotoxin in rabbits, Proc. Soc. Exp. Biol. and Med., 1954, 86, 806. 
15. Thomas, L.,  Denny,  F.  W.,  Jr.,  and  Floyd, H.,  Studies  on  the  generalized 
Shwartzman reaction. III. Lesions of the myocardium and coronary arteries 
accompanying the reaction in rabbits prepared by infection with  Group A 
streptococci, Y. Exp. Med., 1953, 97, 751. 
16.  Beeson,  P. B., Tolerance to bacterial pyrogens. II. RSle of the reticulo-endo- 
thelial system, Y. Exp. Med., 1947, 86, 39. 
17.  Atldns, E., and Wood, W. B., Jr., Studies on the pathogenesis  of fever. II. Iden- 
tilication of an endogenous pyrogen in the blood stream following the injection 
of typhoid vaccine, Y. Exp. Med., 1955, 102, 499. 
18.  Grant, R., and Whalen,  W. J., Latency of pyrogen fever. Appearance of a fast- 
acting pyrogen in the blood of febrile animals  and in plasma incubated with 
bacterial pyrogen, Am. Y. Physiol., 1953, 173, 47. 
19.  Cramen, N., and Watson, D. W., Influence of stress on distribution of endotoxin 
in RES  determined by fluorescein antibody  technic,  Proc. Soc. Exp.  Biol. 
and Med., 1957, 95, 510. 
20.  Carey, F. J., Braude, A. I., and Zalesky, M., Studies with radioactive endotoxin. 
III. The effect of tolerance on the distribution of radioactivity after intra- 
venous  injection  of  Escherickia coli endotoxin labeled  with  Cr  s~,  Y.  Clin. 
Inv.,  1958, 35, 441. 
21.  Fine, J., Frank, E. D., Ravin, H. A., Rutenberg, S. H., and Schweinburg, F. B., 
The bacterial factor in  traumatic shock,  New England Y. Med., 1959, o.60, 
214. 
22. Thomas, L., Zweifach, B. W., and Benacerraf, B., Mechanisms in the production V.  S.  LEQUIRE,  J.  D. HUTCHERSON,  R.  L.  HAMILTON~ AND M.  E.  GRAY  309 
of tissue damage and shock by endotoxins, Tr. Assn. Am. Physn., 1957, 70, 
54. 
23.  Kun, E., and Miller, C. P., Effect of bacterial  endotoxins on eaxbohydrate me- 
tabolism of rabbits, Proc. Soc. Exp. Biol. and Med., 1948, 67, 221. 
24. Wool, I. G., Goldstein, M. S., Ramey, E. R., and Levine, R., R61e of epinephrine 
in the physiology of fat metabolism, Am. Y. Physiol.,  1954, 178, 427. 
25. Werthessen, N. T., and Schwenk, E., Biosynthesis of cholesterol. Factors regu- 
lating biosynthesis of cholesterol-like substances in isolated whole livers, Am. 
Y. Physiol.,  1952, 171, 55. 
26. Hutcherson, J., LeQuire,  V.  S., and Hamilton, R., Inhibition of post-heparin 
clearing factor by the sera of rabbits made lipemic by hemorrhage or by the 
injection of Shear's antigen, Anat. Rec., 1958, 180, 317. 
27.  Starup, U., Einige Untersuchungen  tiber die h~morrhagische Lip~mie, Biockem. 
Z., 1934, 2/0, 74. 
28.  Spitzer,  J. J., and Spitzer,  J. A., Hemorrhagic  lipemia:  a  derangement  of fat 
metabolism, Y. Lab. and Clin. Med., 1955, 46, 461. 
29. Le0uire, V. S., Worley, L. M., and Gray, M. E., The effects of hypoxia upon 
the lipemia-dearing  response to intravenous  heparin,  Y. Lab. and Clin. Med., 
1957, 49, 869. 
30. Delaunay, A., Boquet, P., Lebrun, J., Lehoult, V., and Delaunay, M., Le mode 
d'aetion des  endotoxines  bact6riennes.  IV.  Les troubles  vaso-moteurs  chez 
les animaux intoxiqu~s et leurs cons6quences, J. physiol. Paris, 1948, 40, 89. 